Background/Aims: Thyroid carcinoma (TC) is a highly lethal malignant cancer and its carcinogenesis remains undetermined. Dysregulation of microRNAs (miRNAs) is well known to be involved in the development of various cancers, including TC, whereas a role of miR-3666 in the pathogenesis of TC has not been appreciated. Methods: We analyzed the levels of MET and miR-3666 in TC tissue and the relationship of miR-3666 levels with patients' prognosis. We then overexpressed miR-3666 by miRNA mimics transfection and inhibited miR-3666 by miRNA antisense transfection in TC cells. Cell survival and growth were analyzed by CCK-8 assay and MTT assay, respectively. Cell apoptosis and proliferation were analyzed by flow cytometry. Bioinformatics analyses were applied to predict miR-3666 targets, which was then confirmed using luciferase reporter assay. Results: We detected significantly higher levels of MET, and significantly lower levels of miR-3666 in TC tissue, compared to the adjacent nontumor tissue. Moreover, the low miR-3666 levels were associated with poor survival of the patients. Overexpression of miR-3666 significantly inhibited cell growth, while depletion of miR-3666 increased cell growth in TC cells. Moreover, the effects of miR-3666 on cell growth appeared to result from alteration in cell proliferation, rather than changes in cell apoptosis. MiR-3666 was found to bind to the 3'-UTR of MET mRNA to inhibit its translation in TC cells. Conclusion: Reduced miR-3666 levels in TC tissue may promotes TC growth, possibly through MET-mediated cell proliferation.
Introduction
About 80% diagnosed thyroid carcinoma (TC) are the papillary carcinoma [1] . Although TC may occur in childhood, it is mainly seen in adults of middle age and has a higher incidence in women than in men [2] . The prognosis of TC is poor, largely resulting from the insufficient knowledge of regulation of cancer growth [3] [4] [5] [6] . Therefore, understanding the molecular mechanisms underlying the tumorigenesis and tumor progression of TC is extremely important.
MET is an oncogene protein with tyrosine kinase activity, and is also known as hepatocyte growth factor receptor (HGFR) [7] , which is a unique receptor for mitogenic factor HGF [8] . After protein translation, the primary single chain MET precursor is cleaved to form alpha and beta subunits, which reunite to form the mature receptor through disulfide molecules [8] . However, the regulation of MET protein translation is not completely understood. Met is predominantly expressed by epithelial cells and is activated by HGF to transduce signals related to mitosis. MET plays a critical role during embryogenesis and tissue repair in adults [8] , and abnormal activation of MET has been detected in various cancers [9] [10] [11] [12] [13] [14] , including TC [15, 16] . However, how MET is regulated in TC remains unclear.
MicroRNA (miRNA) is a group of non-coding small RNAs of about 22 nucleotides, and has been found to regulate more than expression of one third of the genes posttranscriptionally, through its base-pairing with the 3′-untranslated region (3′-UTR) of target mRNA [17, 18] . Cancer initiation and progression have been associated with abnormal expression of some miRNAs [19] [20] [21] . MicroRNA (miRNA) is a class of non-coding small RNA that specifically recognizes the 3′-untranslated region (3′-UTR) of the mRNA of some genes through nucleotide pairing [17, 18] . MiRNAs play a critical role in cancinogenesis of various tumors [19] [20] [21] , as either tumor suppressor or enhancer. Among all miRNAs, miR-3666 has been rarely studied and reports on its involvement in cancer are lacking.
Here, we analyzed the levels of MET and miR-3666 in TC tissues, and studied the association of miR-3666 with prognosis of the patients. We then overexpressed miR-3666 or inhibited miR-3666 in 2 TC cell lines and studied their effects on MET, cancer cell growth, survival, apoptosis and proliferation.
Materials and Methods

Patient specimen
Surgical specimens from 25 TC patients and matched tumor-adjacent normal thyroid tissues (NT) were obtained postoperatively in the Tenth People's Hospital of Tongji University from 2009 to 2013. All patients gave signed, informed consent for the tissue to be used for scientific research. Ethical approval for the study was obtained from the Tenth People's Hospital of Tongji University. All diagnoses were based on pathological and/or cytological evidence. The histological features of the specimens were evaluated by senior pathologists according to the World Health Organization classification criteria. All patients had been followed-up for 30 months. Complete clinical data was electronically recorded.
Cell line culture and transfection
TT is a human thyroid carcinoma line [22] purchased from ATCC (American Type Culture Collection, Manassas, VA, USA), and has been widely used in TC research. PTC is another commonly used human thyroid carcinoma line [23] . Both cell lines were cultured in in RPMI1640 medium (Invitrogen, Carlsbad, CA, USA) supplemented with 15% fetal bovine serum (FBS; Sigma-Aldrich, St Louis, MO, USA) in a humidified chamber with 5% CO 2 at 37°C. MiRNAs mimics (miR-3666) and miRNAs antisense oligonucleotides (asmiR-3666) were obtained from Origene (Beijing, China). A null sequence was used as a control (null). The plasmids were transfected into cells at a concentration of 50 nmol/l using Lipofectamine 2000, according to the manufacturer's instructions (Invitrogen).
MiRNA target prediction and 3'-UTR luciferase-reporter assay
MiRNAs targets were predicted as has been described before, using the algorithms TargetSan (https:// www.targetscan.org) [24] . The MET 3'-UTR reporter plasmid (pRL-MET) and the MET 3'-UTR reporter plasmid with a mutant at miR-3666 binding site (pRL-MET-mut) were purchased from Creative Biogene (Shirley, NY, USA). TT cells were co-transfected with pRL-MET/pRL-MET-mut and miR-3666/as-miR-3666/ null by Lipofectamine 2000 (5 × 10 4 cells per well). Cells were collected 48 hours after transfection for assay using the dual-luciferase reporter assay system gene assay kit (Promega), according to the manufacturer's instructions. 
Quantitative RT-PCR (RT-qPCR)
Total RNA was extracted from resected specimens or from cultured cells with miRNeasy mini kit (Qiagen, Hilden, Germany). Complementary DNA (cDNA) was randomly primed from 2 μg of total RNA using the Omniscript reverse transcription kit (Qiagen). Quantitative PCR (RT-qPCR) were performed in duplicates with QuantiTect SYBR Green PCR Kit (Qiagen). All primers were purchased from Qiagen. Data were collected and analyzed, using 2 -DDCt method for quantification of the relative mRNA expression levels. Values of genes were first normalized against α-tubulin, and then compared to the experimental controls.
Cell counting kit-8 (CCK-8) assay
The CCK-8 detection kit (Sigma-Aldrich) was used to measure cell viability according to the manufacturer's instructions. Briefly, cells were seeded in a 96-well microplate at a density of 5 × 10 4 /ml. After 24h, cells were treated with resveratrol. Subsequently, CCK-8 solution (20 ml/well) was added and the plate was incubated at 37°C for 2 h. The viable cells were counted by absorbance measurements with a monochromator microplate reader at a wavelength of 450 nm. The optical density value was reported as the percentage of cell viability in relation to the control group (set as 100%).
MTT assay
For assay of cell growth, 5 × 10 3 cell per well were seeded into 96 well-plate and subjected to a Cell Proliferation Kit (MTT, Roche, Indianapolis, IN, USA), according to the instruction of the manufacturer. The MTT assay is a colorimetric assay for assessing viable cell number, taking advantage that NADPH-dependent cellular oxidoreductase enzymes in viable cells reduce the tetrazolium dye 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) to its insoluble formazan in purple readily being quantified by absorbance value (OD) at 570 nm in a microtiter plate reader (Promega, Fitchburg, WI, USA). Experiments were performed 5 times.
Proliferation assay
For analysis of apoptosis, cultured cells were dissociated and re-suspended at a density of 10 6 cells/ ml in PBS. After staining with FITC-conjugated BrdU antibody (FITC BrdU Flow Kit, Becton-Dickinson Biosciences), cells were analyzed using FACScan flow cytometer (Becton-Dickinson Biosciences) equipped with Cell Quest software (Becton-Dickinson Biosciences) for determination of FITC+ S-phase proliferating cells.
Apoptosis assay
For analysis of cell proliferation, cultured cells were dissociated and re-suspended at a density of 10 6 cells/ml in PBS. After double staining with FITC-Annexin V and propidium iodide (PI) from a FITC Annexin V Apoptosis Detection Kit I (Becton-Dickinson Biosciences, San Jose, CA, USA), cells were analyzed using FACScan flow cytometer (Becton-Dickinson Biosciences) equipped with Cell Quest software (BectonDickinson Biosciences) for determination of Annexin V+ PI-apoptotic cells.
Western blot
Total Protein was extracted from the patients' specimens or cultured cells by RIPA buffer (SigmaAldrich). Equal amount of proteins was loaded in the gel. Primary antibodies for Western Blot are rabbit anti-MET (detection of MET total protein) and anti-α-tubulin (all purchased from Cell Signaling, St Jose, LA, USA). Secondary antibody is HRP-conjugated anti-rabbit (Jackson ImmunoResearch Labs, West Grove, PA, USA). The protein levels were first normalized to α-tubulin, and then normalized to control. Images shown in the figure were representatives from 3 repeats. Densitometry of Western blots was quantified with NIH ImageJ software (Bethesda, MA, USA).
Statistical analysis
All statistical analyses were carried out using the SPSS 18.0 statistical software package. All values in cell and animal studies are depicted as mean ± standard deviation and are considered significant if p < 0.05. All data were statistically analyzed using one-way ANOVA with a Bonferroni correction, followed by Fisher' Exact Test for comparison of two groups. Patients' survival was determined by Kaplan-Meier analysis.
Results
Low miR-3666 levels in TC specimens associate with poor prognosis
The levels of MET and miR-3666 in 25 pairs of TC tissues and matched tumor-adjacent normal thyroid tissues (NT) were measured by Western blot and RT-qPCR, respectively. We found that TC specimens contained significantly higher levels of MET (Fig. 1A) , and significantly lower levels of miR-3666, shown by individual values (Fig. 1B) , and by mean ± SD (Fig. 1C) . To examine the clinical significance of low miR-3666 levels in TC, the 25 TC patients were followed-up for 30 months. The median value of all 25 cases was chosen as the cutoff point for separating miR-3666 high-expression cases (n=13) from miR-3666 lowexpression cases (n=12). Kaplan-Meier curves indicated that TC patients with low miR-3666 levels had a significantly worse prognosis than those with low miR-3666 levels (Fig. 1D) .
Overexpression of miR-3666 inhibits TC cell growth
Next the role of miR-3666 in the growth of cultured TC cells was investigated. We used a human TC cell line, TT, and transfected TT cells with miR-3666 mimics (miR-3666), or antisense for miR-3666 (as-miR-3666), or a control null sequence as a control (null). The levels of miR-3666 in these modified TT cells were assayed by RT-qPCR, 72 hours after transfection. We found that the miR-3666 levels in TT cells significantly increased by miR-3666, while the miR-3666 levels in TT cells significantly decreased by miR-3666 suppression ( Fig. 2A) . The cell survival and growth were then assayed by CCK-8 assay and by MTT assay, respectively. We found that the survival of TT cells was not affected by miR-3666 modification (Fig. 2B) . However, overexpression of miR-3666 significantly inhibited the cellular growth in TT cells, while inhibition of miR-3666 significantly increased the cellular growth in TT cells, in an MTT assay (Fig. 2C) . Similar results were obtained from another human TC cell line, PTC (Fig. 2D-F) . Thus, miR-3666 inhibits TC cell growth.
TC cell apoptosis is not regulated by miR-3666
To determine whether the inhibition of TC cell growth by miR-3666 is through modulation of cell apoptosis or cell proliferation, we first analyzed cell apoptosis. By flow cytometry-based analysis, we did not detect significant alterations in apoptotic cell number/ percentage by miR-3666 in TT cells, shown by quantification (Fig. 3A) , and by representative flow charts (Fig. 3B) . Similar results were obtained from another human TC cell line, PTC (Fig. 3C-D) . Hence, miR-3666 does not regulate TC cell apoptosis.
TC cell proliferation is regulated by miR-3666
To determine whether miR-3666 may inhibit TC cell growth through modulation of cell proliferation, we analyzed proliferating S-phase cells based on BrdU incorporation. We found that overexpression of miR-3666 significantly inhibited TT cell proliferation, while inhibition of miR-3666 significantly increased TC cell proliferation, shown by quantification (Fig. 4A) , and by representative flow charts (Fig. 4B) . Similar results were obtained from another human TC cell line, PTC (Fig. 4C-D) . Hence, miR-3666 inhibits TC cell growth through suppressing cell proliferation.
MiR-3666 targets MET to regulate TC cell proliferation
Next, we predicted the potential targeted genes of miR-3666 by bioinformatics algorithms. Among all predicted genes, the tyrosine kinase MET is the receptor of the growth and motility factor HGF, and MET have a causal role in cell survival and growth. The 3'-UTR of MET mRNA was found to be a target for miR-3666 (Fig. 5A) . The intact 3'-UTR of MET mRNA, together with a 3'-UTR with mutant at miR-3666-binding site of MET mRNA, was then cloned into luciferase reporter plasmids, and used for co-transfection with miR-3666-modified plasmids into TT cells. The luciferase activities were quantified in these cells, suggesting that miR-3666 specifically targets 3'-UTR of MET mRNA to inhibit its translation (Fig. 5B) .
MiR-3666 decreases MET protein but not mRNA
We then evaluated the effects of miR-3666 on MET levels in TC cells. We found that although the MET transcripts did not change by miR-3666 levels (Fig. 6A) , the protein levels of MET in miR-3666-overexpressing TT cells was significantly decreased, while the protein levels of MET in miR-3666-depleted TT cells was significantly increased (Fig. 6B) . Similar results were obtained from another human TC cell line, PTC (Fig. 6C-D) . These data suggest that the translation of MET in TT cells is suppressed by miR-3666. Together, our study demonstrates a role of miR-3666 in control of TC cell proliferation, through MET modulation (Fig. 7) . 
Discussion
Many miRNAs have been suggested to play important roles in the carcinogenesis in various cancers. However, their participation in the TC progression is surprisingly much less investigated. Indeed, elucidation of the aberrant expression of miRNAs in TC carcinogenesis will help physician and tumor biologists to better characterize the molecular regulation of the tumorigenesis of TC and may allow them to identify novel targets to improve the levels of the current therapy [22] . In this study, we showed that low level of miR-3666 in TC tissues were both associated with low survival rate in TC patients. Then, we showed that miR-3666 levels negatively regulated the cell growth in 2 commonly used TC cell lines, through cell proliferation suppression, rather than through interference with cell apoptosis.
Next, we examined how cell growth may be regulated by miR-3666 levels in TC cells. Since the changes in cell number may result from a summary of cell death and cell replication, and since the signal transductions that regulate these cell death and proliferation involve a variety of key components, e.g. MET, SMADs and β-catenin, Bcl-2, Bid and Caspase 9, among which only MET was found to be a target for miR-3666, we just focused on MET in our study. Specifically, we found that the 3'-UTR of MET mRNA was targeted by miR-3666, suggesting a strong effect on the translational regulation of MET mRNA by miR-3666. Moreover, we further proved that the binding of miR-3666 to the mRNA of MET is functional in TT cells, in which it suppressed the protein level, but not mRNA level, consistent with the structural analyses. Of note, when a miRNA molecule is attached as a perfect match to a target mRNA, it causes the mRNA degradation, resulting in a decrease in mRNA levels [17] [18] [19] [20] [21] . Here, it appears that there is a partial interaction between the miRNA3666 and the 3'-UTR of the MET mRNA. Thus, the miRNA does not form a perfect match with the target mRNA. Therefore the translation process stops at that point and hence the protein production is reduced, as described here. Apart from effects of MET on cell growth, it may also affect cell invasiveness. We did not examine cell invasion in the current study. Besides regulation of MET by miRNA, MET protein levels may be also affected by modulation of its degradation, e.g. through ubiquitination. In future, it may be interesting to address these questions.
However, in TC, the levels of miR-3666 appeared to be undetectable. Hence, miR-3666 may be a specific regulator of the tumor cell growth in TC, and its loss may allow the tumor to grow. Further studies may address the molecular mechanisms underlying activation of miR-3666 in TC, and these approaches may provide additional evidence for using miR-3666 as a novel target for treating TC.
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